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With a blood measuring apparatus according to the invention, which uses capillary tubes (16, 17), these can be filled

with blood from a drop of blood of about

finger. The blood sample can then be placed in an apparatus (1) wit|
transillumination. The tubes (16, 17) are mounted in an independent plate piece (6), a

that the inlet ends lie closely up against each other. This provides the possibility of fi
¢’s own blood and a comparison with blood in, for example, a

herewith the possibility of simultaneous determination of on
prepared tube.

1 microlitre. This small amount of blood can be produced by the pricking of a

h equipment for the determination of the blood by
nd the tubes are secured in V-form so
lling two tubes at the same time, and
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APPARATUS FOR DETERMINATION OF THE COAGULATION

TIME OF A BLOOD SAMPLE

The invention relates to an apparatus for the meas-
uring of a blood sample, and comprising transparent

5 capillary elements for taking up the blood, and a
housing-mounted photometer with measuring cells for the
optical detection of the light permeability of the sam-
ple in the capillary element, and which is connected
to a computer for the determination of the coagula-

10 tion time of the sample.

Apparatus of this kind is used particularly by haem-
ophilia patients for measuring the coagulability of
the blood, and hereby for the determination of

15 whether there is need for the injection of a factor
VIII preparation in order to avoid haemorrhages.

Equipment of this kind is known from EP publication
no. 120 715. Here, the capillary element consists

20 of a measuring cell in the form of an elongated
channel at the end of a holder. Blood is sucked up
into the channel, and the measuring cell can here-
after be inserted into a measuring apparatus with a
light source and a photometer. The photometer meas-

25 ures the amount of light which, after the emission,
passes the transparent side of the measuring cell,
and which after reflection in the blood and the
back of the measuring cell again passes through the

. transparent side.

30
This heasuring cell does not, however, provide an
accurate measurement result, the reason being that
it is based on reflection. This gives rise to a
measurement inaccuracy which is so great that it is
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unsuitable for the measurement of the coagulability
of the blood. Furthermore, it is difficult to pro-—
duce such a measuring cell, the reason being that the

‘capillary element is built up of at least two parts

which must be assembled for the formation of an ele-
ment.

From the Swedish publication no. 404 260, an appara-
tus is known which can measure with greater accur-
acy, since this uses a beam of light and light de-
tecting elements which are placed at an angle in re-
lation to the light's direction of incidence in>the
sample. .

However, this apparatus demands a precisely balanced
positioning of these measuring means in relation to
the blood sample, and in practice this means that
the blood must be‘kebt in a vessel-like container
during the measurement. Since at a minimum there must
be sufficient blood to cover the light detectors, a
considerable amount of blood is required. This is a
serious drawback for the user, the reason being that
such a large amount of blood in practice can be ob-
tained only with the help of a suction pump and hy-
podermic. Therefore, fhis épparatus is not suitable
for so-called home use, where the user himself must
be able to remove the blood sample necessary for a
measurement. .

It is the object of the invention to remedy these
deficiencies and disadvantages of the known kinds of
apparatus, and this is achieved by means of an ap-
paratus where each capillary element constitutes a
glass or a plastic tube, the inside diameter of
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which is less than 0.5 mm.

The accuracy of measurement achieved hereby is con-
siderably increased, since one can transilluminate

5 the blood in the tube transversely to said tube.
This reduces the measurement inaccuracy, the reason
being that the tube can be produced with precise di-
mensions and of a homogenous material. This makes it
well-suited for use in the measurement of the coag-

10 ulability of the blood.

Furthermore, for reasons of the small internal dia-
meter of the tube, a considerably smaller amount of
blood is required in relation to the known types of
15 measuring apparatus. For the filling of a tube
length of, for example, 30 mm, less than 1 micro-
litre is required. In practice, a drop of blood pro-
cured by, for example, the pricking of a finger,
could fill several tubes, which provides the possib-
20 ility of filling, for example, a prepared and an un-
prepared tube from one and the same drop of blood.

The apparatus thus becomes convenient to use, in
that it is simple and quick to remove and take up a
25 drop of blood in the tubes for use in the measure-

ment.

By mounting the tubes on an independent support ele-
ment, e.g. in the form of a plate piece, as disclos-
30 ed in claim 2, the sample can easily be handled and
filled, after which it can be placed in the measur-

ing apparatus.

By providing openings in the support piece opposite
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the tubes, as disclosed in claim 3, the passage of
light through the blood will easily be ensured by
placing light sources and detectors on each side of
the opening in the apparatus.

By allowing the one end of the tubes to extend some
distance outside the plate piece itself, as dis-
closed in claim 4, it will be a simple matter to
place the tube ends in the drop of blood.

By allowing the tube ends to lie closely up against
each other, as disclosed in claim 5, one will be
able to fill several tubes from a single drop of
blood.

By allowing the tubes to be placed in a fan-shaped
manner, as disclosed in claim 6, it will be possible
to transilluminate several tubes at a time in the
apparatus, without any danger of the measurements
being mutually influenced.

By providing the support piece with an extension on
each side around the tube ends, as disclosed in
claim 7, one will be able to hold the element be-
tween two fingers, and also to use the extensions as
suppoit, for example against the skin of the finger,
during the taking up of the blood.

Finaliy, it is expedient, as disclosed in claim 8,
to be able to insert the element directly into a
slot in the measuring apparatus, in that the posi-
tioning of the tube in relation to the photo element

will then always be ensured.
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The invention will now be described in closer detail

with reference to the drawing, where

Fig. 1 shows a perspective illustration of an
5 apparatus with support element inserted,

Fig. 2 shows a cross-sectional drawing of the
apparatus seen in the direction II-II in
fig. 1,
10
Fig. 3 shows the support element seen from the
side during the filling of the tubes from

a finger,

15 Fig. 4 shows the support element seen from the

opposite side,

Fig. 5 shows a block diagram of the measuring
equipment in the apparatus,
20 ‘
Fig. 6 shows a graph of the translucency D in
normal blood as a function of the time t,

and

25 Fig. 7 shows a corresponding graph for the blood
of a haemophilia patient.

In fig. 1 is shown an example of a preferred embodi-
ment of an apparatus according to the invention.

30
The measuring apparatus itself is indicated as a
whole by the reference figure 1. It comprises a
housing 3 with a display 4 on the one side.
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At the one end of the housing 3 there is provided a
slot opeﬁihg 5 in whicﬁ.a support element with cap-
illary tubes, which is shown as a whole by the ref-
erence figure 2, can be inserted, as shown in fig.
1.

As shown in fig. 2, one or more light sources 7, 9,
preferably in the form of light diodes; are mounted
in the one part of the housing 3 in relation to the

slot opening 5, plus a light meter, preferably in the
form of a photodiode 8, 10, is mounted in the other

part of the housing in relation to the slot opening.

The apparatus is also provided with a built-in but
not shown microprocessor, which is connected as il-
lustrated in the block diagram shown in fig. 5.

In this diagram, the apparatus itself is indicated
by the block 22, which is connected to an analog/
digital converter 23 which converts the signal from
the photodiodes 8, 10 to a figure which is read into
a microprocessor 24. This is arranged to analyse the
signal from the measurement and to supply pulses to
a display 25 on the apparatus, which in fig. 1 is
indicated by the reference figure 4.

By depicting the signal from this photometer as a
function of time, a diagram as shown in figs. 6 and
7 is obtained.

Blood with a normal coagulation characteristic will,

after a period of time, in the example in fig. 6 ¢
after approx. 5 mins., show a markedly decreasing

light peimeability for reasons of the coagulation of »
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the blood.

As shown in fig. 7, such a marked decrease does not

appear with blood from a haemophilia patient.

5
Therefore, the blood's permeability to light can
be used for the determination of the coagulation
time, and hereby for indication of the need for an
injection of a factor VIII preparation.

10

When a blood sample is thus placed in a capillary
element between the light sources 7, 9 and the pho-
todiodes 8, 10 in an apparatus 1, from the display 4
one will be able to read the period of time which

15 it takes for the blood to begin to coagulate, and
which corresponds to the turning point in the graph

shown in fig. 6.

As shown in figs. 3 and 4, the capillary element ac-
20 cording to the invention comprises a support piece
6, which is preferably made of an opaque plastic.
This is in the form of a plate which, as shown at
its one end, is tapered to form a wedge 13 for easy
insertion into the slot 5 in the apparatus.
25
At the opposite end of the plate piece, a pair of
extensions are provided in the form of legs 14, the
outer sides of which are slightly concave and pro-

vided with small serrations for easy handling during

30 operation.

Moreover, the top and bottom sides of the plate
piece are provided with a pair of grooves or guide
tracks 11, 12 to ease the guiding of the plate dur-
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ing insertion into the apparatus.

Finally, on thé one side there are formed two reces-
ses which extend at a mutual angle, and in which a
glass or plastic capillary tube 16, 17 can be secur-
ed, for example by glueing. Moreover, at a suitable
place in each recess there is a through-going open-
ing 18, 19.

When the support element 2 is inserted in the apparé—
tus, the openings 18, 19 must be placed precisely op-
posite the light diodes and the photodiodes as shown
in fig. 2. '

As shown in figs. 3 and 4, the capillary tubes 16,

17 project for a distance beyond the plate edge 15,
and also a small distance beyond the ends of the legs
14.

Glass is well-suited for the tube, the reason being
that its electro-negative characteristics ensure a
uniform starting time for the coagulation of the
blood. Furthermore, an internal diameter of about 0.2
mm will be sufficient to ensure that the result of
the measurement is réliable. If the glass has a
length of approx. 30 mm, its capacity will be about

1 microlitre. It is of great importance that more
blood is not demanded, in that one can hereby carry
out a blood test on the basis of a single drop of

- blood.

As shown in fig. 3, the blood sample can be taken
from a drop 21 on a finger 20, which is first pricked
e.g. by means of a not-shown lancet. When the drop of
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blood has been formed, the support element 2, held
by means of two fingers against the legs 14, is
brought to bear against the finger so that the ends
of the tubes 16, 17 are dipped in the blood. Here-
5 after, blood is taken up into the tubes 16, 17 in
such an amount that it fills out the tubes opposite

the.openings 18, 189.

The support element 2 is then conveyed to the meas-
10 uring apparatus, where it is inserted in the opening

5.

After the insertion, the measuring procedure commen-
ces and, after a short period of time, the measuring

15 apparatus registers the time at which the coagulation
starts, and shows this time on the display 4. In this
simple manner, the patients themselves can measure
their blood and decide whether there is need for an
injection.

20
Where the user has difficulty in handling the rel-
atively small support element 2, it can be of ad-
vantage to insert the element into the measuring ap-
paratus before taking the blood sample, and there-

25 after apply the apparatus and therewith the support
element with the tubes down on the drop of blood.
In this way, one can more easily handle and control
the support element while taking the blood sample.

30 After the measurement, the support element with the
blood sample can be removed and discarded, in that
the support element is a disposable product to sim-
plify the operation and at the same time ensure the

greatest possible hygiene.
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One-of the tubes 16, 17 can be provided with an in-
ternal coatihg of a material, e.g. a factor VIII
preparation, the concentration of which is desired
to be measured in the blood and compared with that
blood which has been taken up into the second tube.
This second tube is not provided with an internal
coating, and is therefore a dry tube which will con-
tain the patient's own blood. A patient can hereby
simultaneously detérmine his blood's factor VIII
concentration. o

In the foregoing, the displaying of the result of
the measurement has been discussed only in the form
of a time-related indication, but it lies within the
scope of the invention to usé other corresponding
parameters for the determination of factors which
are of importance for the result of the analysis;

9
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CLAIMS

1. Apparatus for the measuring of a blood sample,
and comprising transparent capillary elements for
5 the taking up of the blood, and also a housing-mount-
ed photometer with measuring cells for the optical
detection of the light permeability of the sample
in the capillary element, and which is connected to
~a computer for the determination of the sample's co-
10 agulation time, characterxrize d in that
each of the capillary elements consists of a glass
or plastic tube (16, 17), the inside diameter of

which is less than 0.5 mm.

15 2. Apparatus according to claim 1, c har a c t-
erized in that the tubes (16, 17) are mounted
in an independent support piece (6) in relation to

the photometer.

20 3. Apparatus according to claims 1 and 2, ¢ h a r-
acterized.in that the support piece (6) is
provided with an opening (18, 19) opposite each tube

(16, 17).

25 4. Apparatus according to claims 1-3, char ac t-
er ized in that the inlet ends of the tubes
(16, 17) extend for a distance beyond the side edge
(15) of the support piece (6).

30 5. Apparatus according to claim 4, ch ar a c t-
er ized in that inlet ends lie closely up

against each other.

6. Apparatus according to claims 1-5, ¢ haraec-
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terized in that the tubes (16, 17) are placed

in a fan-shaped manner.

7. Apparatus according to claims 2-6, char a c-
terized in that the sﬁpport piece (6) is pro-
vided with a pair of fingergrips in the form of legs
(14) which extend from the side edge (15) of the
support piece (6) on each side of the -tubes (16,
17).

8. Apparatus according to claims 2-7, ¢ h a r -

acterized in that the support element (2)
can be inserted into an opening (5) in the photo
element's (1) housing (3).

]
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